Numerical simulations of diesel sprays in a constant-volume vessel have been performed with the conditional moment closure (CMC) combustion model for a broad range of conditions. On the oxidizer side these include variations in ambient temperature (800-1100 K), oxygen volume fraction (15-21 %) and density (7.3-58.5 kg/m 3 ) and on the fuel side variation in injector orifice diameter (50-363 μm) and fuel pressure (600-1900 bar); in total 22 conditions. Results are compared to experimental data by means of ignition delay and flame lift-off length (LOL). Good agreement for both quantities is reported for the vast majority of conditions without any changes to model constants: the variations relating to the air side are quantitatively accurately predicted; for the fuel side (viz. orifice diameter and injection pressure) the trends are qualitatively well reproduced. For the reference case, three different n-heptane chemical mechanisms (with 22, 29 and 67 species) have further been compared with respect to the ignition process and the subsequent flame stabilization and the flame structure is compared to conceptual models presented in the literature. At those conditions all three mechanisms showed comparable results. Based on the findings reported, CMC is seen as a highly promising approach to model spray combustion for a very broad range of diesel engine relevant conditions.
INTRODUCTION
Diesel engines are the most used propulsion system for transportation due to the high energy density and thermal efficiency. However, because of increasingly stringent legislations concerning pollutant emissions, as NO x and soot, there is the need to improve understanding of in-cylinder processes. For example, the flame lift-off length has a strong influence on spray combustion and therefore on exhaust emissions because of the different air entrainment within the spray [1, 2] . A review concerning LOL behavior in diesel jets depending on operating conditions can be found in [3] .
In the last decades the computational fluid dynamics (CFD) approach has received increased attention towards the understanding and development of modern diesel engines. Due to well characterized conditions and easier optical access, the validation of simulation models for diesel sprays has often been carried out in constant-volume or -flow configurations. In particular, the constant-volume combustion chamber from Sandia National Laboratories has received much attention by modelers in the last years. For the data reported therefore, numerous reactive fuel spray simulations under diesel engine conditions have been carried out using a variety of combustion models capable of inclusion of detailed chemistry. Such approaches include e.g. the perfectly stirred reactor (PSR) [4] [5] [6] , partially stirred reactor (PaSR) [7, 8] , flamelet generated manifold (FGM) methods [9], one-dimensional flamelet models [10] and the transported probability density function (PDF) approach [11] . Even for these high-fidelity combustion systems with well-defined initial and boundary conditions, substantial sensitivity has been found e.g. for different chemical mechanisms or measurement uncertainties [12] and large differences are reported for different spray and combustion modeling approaches in [13] ; where results from different groups are compared side-by-side in a joint effort to improve and establish best practices concerning both modeling as well as experiments.
Models used in engineering practice for high pressure spray combustion of diesel, typically resolve only part of the turbulence spectrum and must hence rely on closures for the source terms of the chemical processes occurring at the unresolved scales. Due to overlap between the various timescales relating to turbulence with the ones pertaining to the oxidation of hydrocarbon fuels and pollutant formation, decoupling is conceptually not feasible. Various models neglecting turbulence-chemistry interaction (TCI) have nonetheless seen highly successful application to spray combustion. In a recent study, Pei et al. [11] discussed the influence of TCI by comparing results for n-heptane sprays from two modeling approaches: the PDF and the PSR method. A significant difference in flame structure was reported, where the PDF method predicted a broader reaction zone and better
